nasopharynx. As the proptosis seen is usually central, the-probability is that invasion takes place initially in the region of the apex ofthe orbit. In this event, the proptosis should be associated with optic nerve change since invasion by neoplasm in this region would ultimately produce some degree of nerve compression. Proptosis may, therefore, occur alone or with optic nerve changes, or with paralysis of the oculomotor nerves; and these latter nerves may be involved intracranially, in which event their paralysis should precede the onset of proptosis, or extracranially in the superior orbital fissure or the orbital cavity, in which event the paralysis should occur with or follow the proptosis.
There are three possible pathways for a neoplasm to reach the orbit from the nasopharynx (Lederman 1961 ): (1) By intracranial spread with extension to the cavernous sinus and thence into the orbit via the superior orbital fissure. (2) By extracranial spread via the vidian canal into the pterygopalatine fossa and thence into the orbit near its apex. (3) The remaining extracranial route is via the nasal fossa and is most likely to be followed when the primary tumour arises from the roof or posterior wall of the nasopharynx and therefore has easy access to the nasal fossa via the choanae. Once a nasopharyngeal tumour has traversed the choanal opening, the orbit may be invaded via: (a) The sphenopalatine foramen, which invites entry into the pterygopalatine fossa, from whence the apex of the orbit, the infraorbital fissure and the temporal fossa may be entered by neoplasm. (b) The canal containing the pterygopalatine nerve. (c) The mucoperiosteum forming the ethmoidal air cells.
There were 15 patients in this series with proptosis and all but 2 had nasal obstruction due to neoplasm invading the nasal fossa. From a study of these patients we believe the most likely route for orbital invasion to be via the posterior ethmoidal air cells or possibly the sphenopalatine foramen, both of which permit access to the apex of the orbit. In 2 cases, however, a direct destructive attack through the base of the pterygoid processes was seen.
The occurrence of proptosis is always a sign of advanced disease and there were no survivors among this group of patients.
Mr H J Shaw (Royal Marsden Hospital, London)
The Clinical Importance of Orbital Signs in Cancer of the Paranasal Sinuses The orbital cavity presents the form of a foursided bony pyramid, its lower rim representing the open base and the optic foramen the apex. More than two-thirds of its walls are related to the paranasal sinuses, the medial and largest wall in particular barely separating it from the anterior and posterior ethmoid cells with the sphenoidal sinus closer to the apex. The frontal sinus, depending upon its size, lies directly across the roof of the orbit to a varying extent as may also some of the anterior ethmoid air cells. The maxillary antrum is closely related to the whole floor of the orbit and to the infraorbital nerve.
Certain further anatomical features are important. The lamina papyracea of bone separating the orbit from the ethmoid cells and sphenoidal sinus is always extremely thin and in some individuals may be dehiscent. Likewise the plates of compact bone forming the roof and floor of the orbit may at times be very thin or even defective; and the periorbita, although attached securely at the orbital rim and foramina, is very loosely adherent along the walls. The extraocular contents of the orbit, lying mainly in the space between the periosteum and the muscle cone, consist of loose areolar tissue in which is embedded the orbital fat and a network of small nerves and vessels. The venous drainage passes medially through the ethmoid cells into the nasal veins, posteriorly into the cavernous sinus, downward and laterally to the pterygoid plexus and anteriorly into the facial veins. At least two of these routes are particularly vulnerable to sinus disease. Moreover, the orbital veins and their tributaries contain no valves, nor are there any proven lymphatics in the orbital cavity (Duke-Elder 1952) .
General Features ofSinus Cancer
Secondary malignant tumours in the orbit usually predominate over primary tumours in the rough proportion of 3:1 (Lederman 1956); and more than half arise in the paranasal sinuses. The incidence of cancer tends to be greater in men and reaches a peak about the sixth decade. The disease is uncommon, but it is well to remember that it occurs more frequently than benign tumours in this region.
The majority of primary malignant tumours arise in the antrum and ethmoid cells in the proportion of 2:1 or even 4:1 (Dalley 1957) . However, in many cases the site of origin is improssible to define even at first attendance and it is wise to think of the antrum and ethmoid as one entity when planning treatment. The frontal and sphenoidal sinuses are very rare sites in which to find primary cancer, and in the latter site its onset is insidious and the diagnosis often difficult (Alexander 1963) .
Apart from epistaxis and nasal obstruction, orbital signs are those most frequently encounteed in patients with paranasal sinus cancer (Osborn & Winston 1961) . Snelling (1957) also states that 65-8% of her cases treated between 1946 and 1950 had orbito-ethmoidal involvement at the start of treatment. Unfortunately, by the time marked orbital signs are present, careful investigation will often show that the tumour has spread in several other directions outside the bony antro-ethmoidal box (Wilson 1957).
Regional metastases to neck nodes from primary sinus cancer are relatively late although not uncommonly present at the time the disease is diagnosed. Frazell & Lewis (1963) quote only 14% of their patients exhibiting this feature on first attendance. The development of distant metastases is even later in most cases.
Clinical Grouping ofSinus Cancer (Ohngren (1933) first drew attention to the more serious nature of the disease the closer it approached the skull base. He showed that a coronal 'plane of malignancy' drawn between the inner canthus and the angle of the mandible divided the more serious posterosuperior tumours from the less serious antero-inferior. This he again-subdivided by a vertical line through the pupillary centre, thus obtaining the medial and lateral subdivisions of each main group. Such a precise anatomical classification is useful in a textbook sense and in the clinical assessment of early cases. But for the majority it has little practical application in a disease where diagnosis is relatively late in its evolution. For clinical evaluation of case records in this paper, it has been found more practical to simplify this classification into (a) mainly ethmoid, (b) antro-ethmoidal and (c) mainly antral groups.
Mechanism ofOrbital Signs
By virtue of anatomical form orbital signs are mainly due to: (1) An increase in the volume of the orbital contents. (2) A decrease in the capacity of the orbit. (3) A combination of these factors. The only exceptions to this are mild conjunctivitis, slight epiphora and early palpebral oedema. These are more often due to reactive changes in neighbouring tissues arising from inflammation around an early tumour in an adjacent sinus, or in the naso-antral wall. When occurring without other signs and in mild degree they can be termed minor orbital signs. By themselves, however, they are less common, and are usually associated in variable degree with the principal or major signs of orbital involvement.
Since infection co-exists with most sinus tumours, a frequent train of events is inflammation and cedema beneath the periorbitawhich then becomes easily stripped and raised up from its bony wall. This results in either reactive swelling of the orbital contents alone, or progresses to thrombosis or possibly thrombophlebitis of orbital veins, particularly where they drain into the ethmoid or pterygoid regions. Such a progression of events can readily give rise to all the common orbital signs, and also to optic neuritis and atrophy, before any active invasion of the orbit by neoplastic tissue takes place. Unfortunately, and particularly in the ethmoid, the bony partitions are so thin and often dehiscent that it is not long before the tumour directly invades the orbit after preliminary erosion of bone and infiltration of the resistant periorbita. Tumour spread may also occur rapidly along venous channels already obstructed by thrombosis or in which the flow of blood has become reversed.
Tumours of the lateral posterosuperior group of Ohngren frequently spread into the pterygoid region and infratemporal fossa to produce venous obstruction of tributaries passing through the inferior orbital fissure. Direct invasion by this same route may also occur.
The Significance ofOrbital Signs Classic orbital signs range from occasional slight epiphora to gross proptosis with total ophthalmoplegia and optic atrophy. They may be multiple or single and for comparative purposes may be roughly divided as follows into major and minor signs. Figs 1-5 illustrate a variety of orbital signs in cancer of the paranasal sinuses.
Major Signs
(1) Proptosis and (2) Ocular displacement: Both these signs are common and may be indicative of early or late orbital involvement. In the former case the cause is likely to be reactive cedema resulting from associated paranasal inflammation, or due to thrombosis of orbital veins and even to mild cellulitis of the orbital connective tissues. At this stage the periorbita still resists penetration by the tumour. Later, as this barrier is overcome, the neoplasm directly invades the orbit to increase these signs and to produce others. Typically the (3) Orbital swelling: This is a sign of serious import in a proven case of paranasal cancer since it implies at least periorbital infiltration and probably direct invasion of the orbit. Such a mass may be found about 1 cm within the orbital rim, on the floor or the medial wall and is usually associated wth other signs.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
. . . . :
(4) Limitation ofocular movement may be an early or late sign resulting in diplopia of vari'ous' types and degrees. In early cases it is likely to be partial and due to orbital cedema or venous thrombosis. Later cases will show definite neurological abnormality with total limitation in some or all directions, depending upon the nerves involved. Su parases are more likely to be due to direct invasion by the tumour.
-;
(5) Optic atrophy: Interference with the function of the optic nerve as it passes back towards the optic foramen is generally due to disease spreading from the region of the posterior ethmoid air cells and the sphenoidal sinus. Although probably associated with proptosis and other eye signs, when occurring alone it may sometimes be a early indication of rare sphenoidal carcinoma. In such an event rapid progression to the complete _*,s,°S°:.i,r.s. §. orbital fissure syndrome may be expected in untreated patients. evidence of orbital invasion, variable degrees of optic atrophy may occur as a result of simple pressure on the nerve from local oedema. Such damage is usually irreversible despite a good response to treatment.
(6) Chemosis: Generally a late sign found in association with others and usually affecting the lower bulbar conjunctiva. It is typically found with advanced antral tumours invading the floor of the orbit.
(7) Ptosis: This is an uncommon sign, strictly local causes being either simple reactive oedema of the upper lid arising from other general orbital changes, or disease spreading directly from the orbital roof. Lesions of the oculomotor nerve, usually due to disease extending into the orbital apex, will of course produce a complete ptosis together with other signs. _ dema ofthe eyelids and ophthalmoplegia (8) Radiological signs: Positive evidence of erosion of the bony orbital walls in association with suspected sinus cancer is of first importance, especially when taken with radiological evidence of spread beyond the other sinus boundaries. However, it is a guide only and to be considered together with all the evident clinical signs. Tomography is essential and negative evidence is reassuring, but a few cases with no positive evidence of bone erosion may be found at operation to have early invasion of the orbit.
Minor Signs
(1) UEdema of eyelids: Slight reactive oedema of the lower eyelid may be termed a minor sign when apparent alone or with other minor signs. It is common with antral tumours, leading to early narrowing of the palpebral fissure. Later in the course of the disease when multiple orbital signs have developed, cedema of both eyelids may become severe and result in closure of the eye.
(2) Conjunctivitis and (3) Epiphora: Neither of these two signs is quite as frequent as may often be assumed. In early cases the former is usually a reactive congestion, and the latter is probably due to nasolacrimal reflex stimulation or obstruction of the ducts by a tumour extension in the nasoantral wall. Alone or without any major signs they may be accepted as of minor significance. However, when more severe or present with major signs, more advanced disease of the orbit is likely.
Clinical Review
The records of 100 consecutive patients with primary malignant disease of the paranasal sinuses seen and treated at the Royal Marsden Hospital between 1951 and 1958 were studied for this presentation. All had received treatment by irradiation at this institution and in many cases surgery was also performed at the same hospital. There were 51 men and 49 women, with an age range of 21-84 and a median age of 64.
The histology was as follows: Squamous carcinoma 39, -malignant melanoma 6, anaplastic carcinoma 37, reticulosarcoma 4, transitional cell carcinoma 5, lymphosarcoma 3, adenocarcinoma 4, chondrosarcoma 2.
This reveals a high incidence of melanoma and sarcoma and an unusually low number of transitional cell carcinoma cases in this particular sample relative to other recent series (Lederman 1956 , Osbom & Winston 1961 , Frazell & Lewis 1963 .
The orbital signs reported and their frequency in each case are shown in Table 1 . It will be seen that proptosis and ocular displacement are easily the most common. Epiphora, although frequent, does not occur so often and optic atrophy is quite uncommon. Table 2 relates the main type of orbital signs to radiological evidence of orbital involvement and to the crude survival rate. It shows very clearly that most of the large number of cases with major and minor orbital signs also showed evidence of erosion of orbital walls as would be expected. They had a low survival rate of 18%, i.e. were advanced cases. Of more interest is the high survival rate of 41 % associated with much less evidence of any bone erosion in cases with minor orbital signs only. This survival rate is approximately the same as that for cases with no orbital signs.
It was found impractical to use the Ohngren method of clinical grouping and instead a more simple and satisfactory classification is shown in Table 3 . This attempts to relate the three clinical groups to the presence of major signs and to the evidence of spread in other directions, linked again with the crude survival rate for each group. Whereas the mainly antral group, despite a greater tendency to spread in several directions and an appreciable number of major orbital signs, still showed the highest survival rate. This is undoubtedly due to their accessibility and further distance from the skull base.
Conclusions
Careful evaluation of the presence and type of orbital signs in cancer of the sinuses can be a most useful guide to the treatment and prognosis of these difficult cases. The existence of major signs approximately halved the crude five-year survival rate in the cases studied.
True neoplastic invasion of the orbit is a grave portent, being so often the main clinical index of how widely the disease has already spread in several directions. In most of these cases, multiple and majof signs of orbital involvement are usually present and the prognosis is bad whatever the treatment. However, bearing in mind the early causes of minor and some major signs, the disease may not yet have invaded the orbit in the presence of these abnormalities in mild degree. It should at least be possible to determine in each case whether orbital involvement is absent, suspect or obvious.
Whatever the clinical evidence of neoplastic involvement or lack of involvement, the orbit on the side concerned must always be included in the treatment of sinus cancer by irradiation. A decision regarding the extent of any surgical resection is more difficult. Such action must be highly selective and there may well be a case for more radical surgery in the suspect rather than the obvious cases of orbital involvement. Mr Harvey Jackson (London) said that the various recorded series of orbital tumours differed in composite material from series to series, supposedly in relation to the basic interest of the individual author. In other words, much of the direction was the outcome of whether the author was endocrinologist, rhinologist, neurosurgeon or ophthalmologist. Such a pattern appeared again at this meeting; yet he was surprised, in noting the actual material described, by the absence of mucoceles from the cases presented by Professor Lambert. Again, the incidences of granulomata and of malignant disease were unusual, the former in its restriction, the latter in its frequency. Perhaps one might recite the experience of the late Professor A Handouza of Cairo who came to the conclusion that osteoclastoma was the commonest lesion of the maxilla to give rise to proptosis. In a series of over 440 cases of proptosis, Mr Harvey Jackson had not encountered such a pathology, nor had he met the reticuloses which proved of such a relatively high incidence in Professor Lambert's series.
Where the granulomata were considered, he found the incidence assumed diminutive proportions relative to his own series. His experience was that the granuloma was the commonest form of tumour to arise within the orbit (the word tumour referring to a mass as against a neoplasm). He had observed syphilitic, tuberculous, pyococcal and other forms of infective granuloma, but the most common form had been the orbital pseudo tumour. So far he had not recognized one case of Wegener's granuloma.
Malignant disease was ever most distressing, no matter which type. Again it seemed a little strange that metastatic disease had not been given due attention, for Mr Harvey Jackson had seen proptosis due to secondary growths from the breast, bronchus, kidney, prostate, stomach, thyroid and uterus. He would issue a warning, nevertheless, that a radiological shadow in the chest in a case presenting proptosis must not, of necessity, be accepted as proof of malignancy, for he had seen one case where a granuloma was found in the chest and another in the orbit, and he knew of other such cases.
It was remarkable how malignant disease could go unrecognized until relatively late in the history. Particularly did this seem to be so with carcinoma of the maxilla. Before resorting to relief of trigeminal pain affecting the distribution of the second division of the V nerve, or one of its branches, Mr Jackson took particular care to exclude organic disease as the source.
He was especially interested in the cases of sarcoma presented in that the pignentation (freckles) of the skin of the forehead or!face was so marked. Such pigmentation in the presence of proptosis was not to be lightly dismissed as favouring a diagnosis of neoplastic disease. Pigmentation somewhere in the body was a thing to look for in all cases of proptosis, especially where an optic nerve glioma was suspected. He had never encountered a case of optic nerve glioma that lacked a patch or patches of pigmentation, brownish or ofcafr-au-lait appearance, somewhere on the body.
Malignant conditions whatsoever their nature should be treated only on conservative lines. Radical operations were rarely if ever curative. Usually major surgery was accompanied by ghastly deformity or followed by foul exuberant recurrence. In his opinion, where malignant disease attacked the orbit, biopsy followed by deep therapy was the only course to apply.
The recent work of Professor Norman Ashton of the Institute of Ophthalmology dealing with infestation by Toxocara canis justified mention of ocular lesions and papilleedema related to this disorder. Where any young child presented a white reflex from the eye this form of disorder should be considered. Many eyes had been lost because of a diagnosis of retinoblastoma when the true pathology could have been suspected. Nowadays when so many patients came to this country from abroad, infestation should be kept seriously in mind. Hydatid cysts in the orbit were common in the Middle East. He had removed one from a child from North Africa.
Mr Frank W Law (London) said that he recalled having to deal with a massive orbital tumour in a Cypriot child of 6, a few years back, which gave rise to an immense proptosis (Fig 1) . Removal was by the anterior route and histological examination showed that the lesion was a sclerosing haemangioma. Many subsequent operations were necessary for cosmetic reasons,
Fig IA
including lifting the inner canthus and attempting to deal with the severe ptosis which remained, complete correction of which was not possible. However, the final appearance was reasonably satisfactory, as were the movements, and vision was about 6/18. Professor Lambert said in reply to Mr Harvey Jackson, that the absence of mucoceles from his own serieswas because mucoceles of the accessory air sinuses were not regarded as tumours. From 1949 to 1953 13 cases of mucoceles were treated.
(These were the latest figures he had at hand.)
Meeting May 9 1964 at the Royal Hospital, Sheffield A Joint Clinical Meeting was held with the Midland and North of EnglandOphthalmological Society, at which clinical cases were demonstrated and discussed. 
